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5 FIELD OF THE INVENTION 

The invention relates generally to wireless communications and, more 
particularly, to radio frequency (RF) receivers. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating an example dual antenna receiver 
arrangement in accordance with an embodiment of the present invention; 
15 Fig. 2 is a block diagram illustrating an example modularized dual antenna 

receiver arrangement in accordance with an embodiment of the present invention; and 

Fig. 3 is a flowchart illustrating an example method for use in a multiple 
antenna receiver in accordance with an embodiment of the present invention. 

20 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to the accompanying 
drawings that show, by way of illustration, specific embodiments in which the 

25 invention may be practiced. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention. It is to be understood that the 
various embodiments of the invention, although different, are not necessarily mutually 
exclusive. For example, a particular feature, structure, or characteristic described 
herein in connection with one embodiment may be implemented within other 

30 embodiments without departing from the spirit and scope of the invention. In addition, 
it is to be understood that the location or arrangement of individual elements within 
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each disclosed embodiment may be modified without departing fi-om the spirit and 
scope of the invention. The following detailed description is, therefore, not to be taken 
in a limiting sense, and the scope of the present invention is defined only by the 
appended claims, appropriately interpreted, along with the fiill range of equivalents to 
5 which the claims are entitled. In the drawings, like numerals refer to the same or 
similar fimctionality throughout the several views. 

Dual antenna receivers utilize two or more receive antennas to overcome 
reception problems caused by effects such as, for example, multipath fading and strong 
interference from unwanted signals. Each of the antennas typically requires a dedicated 

10 receiver chain to properly process a corresponding receive signal. The outputs of the 
receiver chains may then be digitized and digitally processed to generate the overall 
receiver output. Because information fi:om two or more receive antennas is available, 
receiver sensitivity and channel capacity may be improved significantly. 

Fig. 1 is a block diagram illustrating an example dual antenna receiver 

15 arrangement 10 in accordance with an embodiment of the present invention. The 
receiver arrangement 10 is depicted comprising one or more of: first and second 
antennas 12, 14, first and second low noise amplifiers (LNAs) 16, 18, first and second 
mixers 20, 22, a voltage controlled oscillator 24, first and second filters 26, 28, and a 
prescaler 30. The first LNA 16, the first mixer 20, and the first filter 26 may form a 

20 primary receiver chain within the dual antenna receiver. Likewise, the second LNA 1 8, 
the second mixer 22, and the second filter 28 may form a secondary receiver chain 
within the dual antenna receiver. The VCO 24 may generate local oscillator (LO) 
signals for the first and second mixers 20, 22 for use in performing firequency 
conversion (e.g., down conversion, etc.) on corresponding receive signals. The 

25 prescaler 30 may be operative for counting down the VCO output firequency for use in 
the feedback loop of a corresponding phased locked loop (PLL). The first and second 
filters 26, 28 may filter the frequency converted output signals of the first and second 
mixers 20, 22, respectively, before the signals are delivered to corresponding analog-to- 
digital (A/D) converters. The digital output signals of the A/D converters are then 
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processed together in a known manner to generate the output signal of the dual antenna 
receiver. 

In the embodiment illustrated in Fig. 1 , the first LNA 1 6 uses a differential LNA 
architecture having a differential input 32 to receive a signal from the first antenna 12. 
5 The second LNA 18, on the other hand, uses a single-ended architecture having a 
single-ended input 34 to receive a signal from the second antenna 14. Differential LNA 
architectures are typically capable of achieving higher performance than single-ended 
LNA architectures. However, differential architectures are usually more complex and 
have higher component coimts than corresponding single-ended structures. Thus, a 

10 single-ended LNA will typically consume less area on a semiconductor chip than a 
differential LNA. In an dual-antenna receiver, many of the benefits of using a dual- 
antenna configuration (e.g., increased receiver sensitivity, increased channel capacity, 
etc.) may still be achieved even if the performance of the secondary receiver chain 
(and/or any additional receiver chains) is inferior to that of the primary receiver chain. 

1 5 Therefore, by combining at least one receiver chain having a single-ended LNA with at 
least one receiver chain having a differential LNA in an dual-antenna receiver system, 
some or all of the advantages of dual-antenna configuration may be achieved in a less 
complex and smaller circuit. 

The first and second antennas 12, 14 may include any of a wide variety of 

20 antenna types including, for example, patch antennas, dipoles, helical antennas, loop 
antennas, hom antennas, antenna arrays, and others, including combinations of different 
types of antennas. One or more baluns and/or bandselect filters may also be used. With 
reference to Fig. 1, in at least one implementation, the first and second LNAs 16, 18, 
the first and second mixers 20, 22, the VCO 24, the furst and second filters 26, 28, and 

25 the prescaler 30 are implemented on a single semiconductor chip 40. The chip 40 may 
also include antenna terminals 42, 44 for connection to external antennas. Additional 
circuitry may also be implemented on the chip 40. Many other configurations are also 
possible, including multi-chip implementations. In at least one embodiment, the first 
and second antennas 12, 14 are implemented on a common semiconductor chip as the 

30 first and second LNAs 16, 18 (using, e.g., microstrip patch antennas or the like). As 
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used herein, the word "terminal" refers to any conductive structure to which an external 
electrical connection can be made (e.g., a bond pad, a contact pad, a solder ball or 
bump, a pin, a socket, etc.). 

Fig. 2 is a block diagram illustrating an example dual antenna receiver 
5 arrangement 50 in accordance with an embodiment of the present invention. As 
illustrated, the receiver arrangement 50 includes first and second antennas 52, 54 
coupled to a receiver module 56. The receiver module 56 is depicted comprising one or 
more of: a first microelectronic die 58 carrying a first receiver fi:ont end, a second 
microelectronic die 60 carrying a second receiver firont end, and a third microelectronic 

1 0 die 62 carrying analog baseband circuitry, all mounted on an underlying substrate 64. A 
first interconnect 66 provides communication between an output of the first 
microelectronic die 58 and a first input of the third microelectronic die 62. A second 
interconnect 68 provides communication between an output of the second 
microelectronic die 60 and a second input of the third microelectronic die 62. A third 

15 interconnect 70 may also be used to provide communication between the first and 
second microelectronic dice 58, 60. In at least one embodiment, as illustrated in Fig. 2, 
anteima terminals 72, 74 are provided on the receiver module 56 for connection to 
extemal antennas 52, 54. In other embodiments, first and second antennas 52, 54 are 
provided on the substrate 64 of the module 56 using, for example, microstrip patch 

20 elements or the like. An output terminal 76 may also be provided on the module 56 for 
connection to, for example, digital baseband circuitry. 

In at least one embodiment, the first and second microelectronic dice 58, 60 may 
each include a low noise amplifier (LNA) to amplify a signal received from a 
corresponding antenna 12, 14 and a mixer to firequency convert (e.g., down convert, 

25 etc.) the amplified signal. Either the first microelectronic die 58 or the second 
microelectronic die 60 may also include a voltage controlled oscillator (VCO) to 
generate a local oscillator (LO) signal for the mixers of the first and second 
microelectronic dice 58, 60. The third interconnect 70 may be used, for example, to 
carry an LO signal firom a fi-ont end die having a VCO to the other front end die. In 

30 other embodiments, a separate VCO chip may be provided in the module with 
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corresponding inter-chip routing to deliver LO signals to the appropriate mixers. ]n still 
other embodiments, additional front end die are provided, with corresponding inter-chip 
routing, to support operation with additional antennas. In at least one implementation, a 
module is provided that includes a single die having both the first receiver front end and 
5 the second receiver front end implemented thereon, instead of two independent front 
end die. The analog baseband die 62 may include, for example, one or more of analog- 
to-digital (A/D) converters, digital-to-analog (D/A) converters, phase locked loops, 
modulators, digital channel filters, reference oscillators, power management 
functionality, analog application fiinctionality, and/or other fimctionality. 

10 In at least one embodiment, the first, second, and third interconnects 66, 68, 70 

include relatively low loss transmission line structures. By using low loss transmission 
line structures between independent microelectronic dice in a modular layout, 
significant performance improvements may be achieved by eliminating the relatively 
lossy interconnect structures typically associated with traditional integrated circuit (IC) 

15 packaging with its parasitic impedances. The modular approach may also cement the 
inter-chip RF routing for quick and reliable customer design in. In one possible 
approach, one or more of the interconnects 66, 68, 70 are implemented using 
metallization deposited on the substrate 64. For example, in at least one 
implementation, microstrip techniques are used to implement the interconnects on the 

20 substrate 64. That is, one or more conductive traces may be formed on a first surface of 
the substrate 64 for each interconnect with a corresponding ground plane on an 
opposing surface thereof Microstrip design techniques are well known. Other forms 
of transmission line may alternatively or additionally be used. The first, second, and 
third interconnects 66, 68, 70 may be differential or single-ended structures. 

25 The first, second, and third microelectronic dice 58, 60, 62 may be coupled to 

the substrate 64 in any of a variety of different ways including using, for example, flip 
chip techniques, wire bonding techniques, and/or other techniques. In at least one 
embodiment, the substrate 64 includes a dielectric board formed from a dielectric 
material such as, for example, alxmiina and/or other ceramics, duroid. Teflon-based 

30 glass laminates, epoxy resin glass laminates, polyimide, cyanate esters, and/or others. 
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In other embodiments, semiconductor based substrates (e.g., silicon, etc.) maybe used. 
Other substrate materials are also possible. In some implementations, a covering will 
be provided for the module to provide protection for the various dice. This covering 
may include, for example, a plastic cap, a metal cap (shield), glob-top encapsulation, 
5 and/or others. 

Fig. 3 is a flowchart illustrating an example method 80 for use in a multiple 
antenna receiver. A first signal received by a first antenna is amplified within a 
differential low noise amplifier (LNA) to generate an amplified first signal (block 82). 
A second signal received by a second antenna is amplified within a single ended LNA 

10 to generate an amplified second signal (block 84). The amplified first signal and the 
amplified second signal are then processed to generate a single receiver output signal 
(block 86). In at least one embodiment, the processing of the amplified first signal and 
the amplified second signal includes fi-equency converting (e.g., down converting, etc.) 
each of the signals. The fi-equency converted signals may then be filtered and digitized, 

15 The digitized signals may then be processed together digitally to generate a single 
receiver output signal (e.g., using well known antenna diversity techniques, etc.). Other 
techniques for processing the amplified first signal and the amplified second signal may 
alternatively be used. 

In the embodiments described above, the inventive features are discussed in the 

20 context of dual antenna receivers. It should be appreciated, however, that at least some 
of the inventive features have application in radio fi-equency receivers utilizing three or 
more antennas. 

In the foregoing detailed description, various features of the invention are 
grouped together in one or more individual embodiments for the purpose of 
25 streamlining the disclosure. This method of disclosure is not to be interpreted as 
reflecting an intention that the claimed invention requires more features than are 
expressly recited in each claim. Rather, as the following claims reflect, inventive 
aspects may lie in less than all features of each disclosed embodiment. 

Although the present invention has been described in conjunction with certain 
30 embodiments, it is to be understood that modifications and variations may be resorted 
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to without departing from the spirit and scope of the invention as those skilled in the art 
readily understand. Such modifications and variations are considered to be within the 
purview and scope of the invention and the appended claims. 
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